Escherichia coli O157 is a foodborne pathogen. We have previously shown that when grown on agar at 37°C but not 20°C it is capable to attach to its surface a glycoconjugate that is reactive with the lectin concanavalin A (ConA) but is poorly recognized by specific antiserum. The aim of the present study is to check whether, and to what extent may such growthtemperature related ConA reactivity interfere with immunoreactivities of the bacterial population and of individual bacterial cells. The results show that there is no strict correlation between ConA reactivity and immunoreactivities of selected single colonies as revealed by immunofluorescence and immunogold for electron microscopy. One important observation was the pronounced cell-to-cell variability regarding access at the surface of immunoreactive sites. This may be due to several factors among which cell-to-cell differences in O157 lipopolysaccharide production dependent on individual cell growth, or differences in amounts of other surface components like the enterobacterial common antigen.
Introduction
Escherichia coli O157 is a foodborne pathogen causing hemorrhagic colitis accompanied with hemolytic-uremic syndrome (3) . While the role of Shiga toxin producing E. coli O157:H7 in epidemiology is recognized worldwide, O157:H-strains have recently emerged as important cause of human disease (6) . Cattle can be a reservoir for the pathogen (4) and infection to humans may be transmitted via meat and dairy products (10) , and contaminated plant and vegetable foods (13) . Throughout the transmission cycle the polysaccharides at the bacterial surface are exposed to environments that contain glycan-binding proteins, or lectins available in host habitats, plant tissues, and the surfaces of other bacteria (11, 14) . We have previously shown that E. coli O157 grown on agar at 37°C is capable to accommodate to its surface a glycoconjugate that is reactive with the lectin concanavalin A (ConA) but is poorly recognized by specific antiserum (unpublished) . The aim of the present study is to check whether, and to what extent may such growth-temperature related ConA reactivity interfere with immunoreactivities of the bacterial population and of individual bacterial cells.
Materials and Methods

Bacteria and culture conditions
The Stx-E. coli O157:H-strain A2CK SSI was used. It was kindly provided by Dr. S. Atanasova, NCIPD. For tube agglutination assays, bacteria were cultivated on slanted nutrient agar for 24 h at 37°C or for 48 h at 20°C. For experiments with single colonies the strain was cultivated for 18 h in nutrient broth and plated on nutrient agar after serial dilutions.
Tube agglutination assays
Bacteria, either formalin-killed or boiled for 2 hours were callibrated to 10 9 cells. The lectin, concanavalin A (ConA, Pharmacia) was applied as serial twofold dilutions starting from 1 mg ml -1 in PBS containing 0.2 mM CaCl 2 (PBS/Ca). The titre of similarly prepared samples in 0.85% NaCl was determined using agglutinating rabbit anti-E. and anti-E. coli O157:H-sera (BulBio-NCIPD). After 24 h incubation, the results were registered by visual estimation.
Agglutination of single colonies
Single colonies were randomly chosen and each of them was suspended in 50 l of ConA (500 g ml -1 ) in microtitre plate wells. After incubation at 37C for 2 hours, estimation of agglutination was done under Olympus CK2 inverted light microscope. Agglutination was registered as positive (+) or negative (-) . For each of the variants, the data set included a total of 150 single colonies, from 3 separate experiments. In another series of experiments, randomly chosen single colonies were suspended in 60 µl of PBS/Ca. 10 μl aliquots were added to ConA to final concentrations of the lectin of 600, 330, 250 and 170 g.ml -1 , and incubated and estimated as above. The remaining 20 μl of the samples were used for immunofluorescence or immunogold.
Immunofluorescence and immunogold.
Bacterial suspensions from single colonies with preestimated ConA reactivities were applied on glass slides for immunogold, or on Formvar and carbon-coated nickel grids for immunogold. After air drying, the samples were blocked for 1 h with 2% BSA in PBS. Agglutinating rabbit anti-E. coli O157 serum (1:1000) was applied for 2 h in moist chambers, followed by washes in 2% BSA containing 0.2% Tween 20. Followed incubation in a second antibody, antirabbit IgG-FITC or anti-rabbit IgG-gold, respectively. Fluorescence samples were observed on Nikon Eclipse Ti-U microscope using epifluorescence regime. Gold samples were counterstained with 0.5% uranyl acetate and were observed on Zeiss 10C Electron Microscope.
Results and Discussion
The results from the present study show that ConA reactivities of the strain were highly dependent on growth temperature. Tube agglutination showed that the cells grown at 20°C were poorly reactive with the lectin (Table 1 A) and this was confirmed also in the experiments with single colonies agglutination ( Fig. 1) .
Tube agglutination with antisera indicated differences in recognition that were related with growth temperature but were also dependent on the type of serum used (Table 1 B) . Formalin-fixed samples of cells grown at 37°C needed less serum to be agglutinated. They had lower affinities than the boiled samples, and significantly more reactive epitopes were exposed at the bacterial surface after boiling for 2 hours. This indicates the presence of some masking coating of the bacteria which is removed after boiling.
Generally, in capsulated bacteria lipopolysaccharide (LPS) recognition increases after thermal destruction of the capsule. However, for E. coli O157 no capsule has been identified. Together with the O157 antigen, the other polysaccharide antigen identified in E. coli O157 is the Enterobacterial common antigen (ECA) (7) . Bacteria with this serotype are known to express the exopolysaccharide, colanic acid (5), to a significantly higher extent when grown at temperatures below 30°C. While this exopolysaccharide does not interact with ConA (12) and cannot account for the ConA reactivity, its contribution to the cell surface of fixed samples grown at 20°C could mask some of the immunoreactive sites and thus account for their lower titre. bacteria with its culture substratum. In any case, ConA reactivity cannot be attributed to epitopes in the known structures of both the O157 specific LPS (9) or ECA (7) . To check the possibility that the ConA-reactive surfaceexposed substance might interfere with recognition of the bacterial cells by immune serum, immunofluorescence and immunogold was performed on samples from single colonies with pre-estimated ConA reactivity. In this series of experiments, the single colonies were grown at 37°C because this was the temperature that stimulated development of ConA reactivity. ConA reactivities tested in decreasing concentrations of the lectin, and this revealed five variability patterns of ConA binding between single colonies under the applied experimental conditions ( Table 2) . 
One possible hypothesis was that the ConA-reactive substance could mask immunoreactive sites. This was not confirmed by immunofluorescence and immunogold. While there was no correlation between ConA reactivity and immunoreactivity of the selected single colonies, one important observation from the present experiments was the pronounced cell-to-cell variability regarding the degree of labeling. Immunofluorescence showed a range of fluorescence intensities between individual cells, form slight to very strong (Fig. 2) , in spite of the ConA reactivity pattern of the colony. This was furthermore confirmed by the immunogold technique (Fig. 3) . Variability in polysaccharide antigen coating has lately attracted attention (8) . Thus, some species of pathogenic bacteria have been shown to express different types of LPS or different glycoforms (glycosylated, O-acetylated, etc.) of either O or K antigens. It was shown that these variations provide the bacteria with different opportunities during the infection process. Some of the glycoforms prevent recognition by host effector mechanisms but at the same time may be an obstacle to invasion, and vice versa. Variability within a given bacterial population may thus provide the pathogen population simultaneously with different evasion strategies together with access to new niches.
While the role of some variant glycoforms of a given antigen has recently drawn significant attention, another still little explored but very likely mechanism to achieve cell-tocell variability within a given bacterial population may be the different degree of expression of antigens on the bacterial cell surface. For the time being, such a type of variability seems a most likely explanation for the presently observed immunocytochemical differences.
Conclusions
The present results reveal significant cell to cell variability in the surface access of immunoreactive sites between individual cells of E. coli O157:H-. The exact nature of this variability and its biological implications remain to be elucidated in further experiments.
